A procedure is described for preparing barium titanyl oxalate tet rahydrate, BaTiO (Cz0 4h4 HzO, in which the mole ratio of TiOz to BaO is unity. To achi eve this ratio the alt must be precipitated from solutions that do not contain sodium, potassium, or ammonium ions.
Introduction
Titanium forms an extensive series of compounds called titanates in which the titanium plays the role of ftn acidic constit uent. Of particular interes t have been bariLUn titanate, BaTiOa, and various titanates in which the barium has been partially replaced by strontium, magnesium, calcium, etc., and the titanium by zirconium or other acidic metals.
Owing to the possession of desirable dielectric and piezoelectric properties, these titanates, in r ecent years, h ave come into very extensive use in various electronic devices. In spite of their wide usc the relationship between composition and electrical characteristics has not yet been fully worked ou t, in part because of the presence of minor components originating as impurities in the titanium dioxide and the barium carbonate used as starting materials in commercial production. The usual method of preparing barium titanate dielectrics is to calcine at specified temperatures mechanically-ground, inti.-mate mixtures of titanium dioxide and barium carbonate.
The ultimate object of the work here described was to prepare barium titanate in which the mole ratio of barium to titanium was exactly unity and in which the impurities were reduced to an insignificant amolmt. This would enable the ceramic engineer to determine systematically the effect of various substituting clements on the electrical properties and to arrive at a composition that would reproducibly give the most desirable product.
Preparation of Barium Titanyl Oxalate, EaTiO (C20 4h· 4HzO
Double oxalates of barium and titanium of the composition BaC204·TiO (C204)·xH20 would be expected to yield on ignition a barium titanate in which the ratio of barium to titanium is exactly unity.
It has been known for som e time that barium and titanium form an oxalate, described as a dihydrate, BaTiO (C20 4)2·2H20 . This compound is said to be formed by the reaction of K2TiO (C20 4)2 with barium I Financial support of this work was furnished hy the Diamond Ordnance Fuze Laboratories. chloride [1 ).2 Attempts to prepare this compound were not successful because potassium was not completely r eplaced by barium. The product always contained less barium than the stoichiometric amount. However, it was found possible to get the desired composition by slowly adding an aqueous solution of titanium tetrachloride and barium chloride, in which the two compounds are in neady equimolar proportion but with barium in slight excess, to a hot solution of oxalic acid containing about 10 percent more of the acid than required for the desired double oxalate. The slight excess of barium and the somewhat greater excess of oxalate were intended to minimize competing reaction s that might result in the formation of insoluble partially hydrolyzed compounds of titanium. The salt prepared in this way had the composition BaTiO (C20 4 h4H20. The detailed procedure used in preparing it in batches of 240 g was as follows.
[2.1.' Procedure Add 100 ml of highly purified titanium tetrachloride [2], drop by drop , to 100 to 150 ml of distilled water which is cooled in an icc bath . If the titanium tetrachloride is added slowly to the rapidly stirred distilled water, the resulting solution will be perfectly clear and free of hydrolyzed titanium. Dilute this solution to 500 ml and determine its titanium content. The exact titanium content must be known because the quantities of barium chloride and of oxalic acid to be used are based on this value. Dissolve 165 g (0.675 mole) of barium chloride dihydrate in 1,600 ml of distilled water and cool the solution to room temperature. To this solution add the volume of titanium tetrachloride solution that contains exactly 32 g (0.668 mole) of titanium. The barium chloride solution must b e stirred constantly during the mixing and the temperature maintained at or below 30° C to prevent hydrolysis of the titanium.
Dissolve 185 g (1.47 moles) of oxalic acid dihydrate in 1,000 ml of distilled water in a 4-liter beaker, and heat the resulting solution on the steam bath to 80° C. It should be noted that the quan tity of barium is 1 percent in excess and the quantity of oxalate is 10 percent in excess of the stoichiometric amounts required to produce BaTiO (C20 4) dH 20. This oxalate 'solution must be stirred constantly during the addition of the solution containing bari.um and titanium chlonde. The use of a mechamcal stirrer is recommended. Add thc barium-titanium solution slowly. A convenient way to do this is by means of a separatory funnel mounted above the beaker. The rate of addition is readily adjusted by means of the stopcock on the . funn~l. . . When the solution of banum-tltanmm chlondes first mixes with the solution of oxalic acid, a white flocculent precipitate forms which r~disso~ves. on stirring. The slow additi?n of the banum-~Itamum solution is continued untll a dense erystalhn~ form of barium titanyl oxalate tetrahydrate .b~gms to precipitate. At this point the rate of addItIOn may be increased slightly. However, the rate should !l~t be increased to the point where the flocculent preCIpItate that first forms will not redissolve and form the desired dense precipitate. From 2. to 3 hOl\r~ are required for the addition of the 2 hters of banumtitanium solution. At the end of the operatIOn of mixing the 4-liter beaker is removed from the steam bath and the clear supernatant liquid decanted through a filter paper on a Buchner ~unnc~. T~e precipitate is then ,:vashed by decantatIOn wI~h dIstilled water 5 or 6 tImes transferred to the Buchner funnel and again washe~l 5 or 6 times with distilled water.' This precipitate will dry in the air and produce a fine, dry granular salt free of lumps. or cakes. Tlae drying may be hastened by drawmg clean air through the salt for 3 to 4 hours. . • The 12 batches of BaTiO(C, O,),·4H, O were finally placed in a Single con· tainer and mixed by tu mbling. A sample was removed and Igmted to B aTI03. The oxalate compound was again t umbled and sampled. ThiS operatlGn was repeated a third time: Ana;lysis of the three samples of BaTI03 gave the follow· ing results for the ratIO of TI to Ba: 1.000, 1.001, and 1.000.
. Determination of Barium and Titanium in Barium Titanate
To determine barium and titanium, sampl es of the various batches of barium titanyl oxalate tetrahydrate were first ignit~d to barium titan~te . Conversion ,vas done by heatmg the oxalate salt m a furnace at 900 0 C, for convenience, overnight. A shorter period of ignition would probably have sufficed, but it was more convenient to heat overnight.
3.1, Analytical Procedure Digest a 0.5-g sample of barium titanate with 1.5 ml of concentrated hydrochlorIc aCId by heatmg It gently with a b umer uutil the yel~ow color of th.e solution disappears. Add 15 ml of water and boil the solution gently until the sample dissolves completely.
It was observed that if the amount of basic constituent on a mole basis, was equal to or greater than th~ amount of acid constituent the above procedure would effect complete solution of the sample. 3 Dilute the solution containing the barium and Litanium with 100 ml of water and add 50 ml of a solution of ethylenediamin e tetraacetic acid made by dissolving l.5 g of the reage,nt in 50 ml of w~ter with enouo'h ammonium hydroxlde to effect solutlOn .
N ext, adj~st the acidity o~ the barium-titan~um solution to pH 3.5 to 4.0 WIth dllut?d ammo~mm hydroxide. Heat the resultmg sol~tlOn to boilmg and precipitate the barium as banum sulfa:te by adding 20 ml of a 25-percent aqueous solutIO~ of ammonium sulfate. This large excess of ammomum sulfate is necessary to precipitate the barium completely at pH 3.5 ~o 4.0 in the pr.esence of the complexing agent. Digest the solutIOn on the stream bath until the barium sulfate settles and the supernatant liquid becomes clear. R emo~e ~he. prec~pi tate by fil tration, wash it '~ith water, Igmte It, wOlgh it as BaS04, and calculate Its BaO content.
Acidify the combined filtrate. and washings w.ith 20 ml of concentrated sulfuric aCId, cool the resultmg solution to 10 0 C, and precipitate the titan~um .with cupferron. Ignite the precipitate and wOlgh It as Ti02•
The use of ethylenediamine tetraacetic acid in the analytical separa.~io~ of barium f.rom titanium is cssential because m ltS absence banum sulfate, even when precipitated from strongly a?id solu tion, 'yas found by qualitative spectrochemIcal exammatlOn to be contaminated by titanium. When the separation was made in the presence of the sequestermg reagent, the qualitative spec~ro c~emical examination indicated that the contammatIOn was only 0.01 to 0.1 percent. The value of the mole ratio o~ Ti to Ba when determined on the same batch of banum , titanate, was 0.991 in the absence of ethylenediamine tetraacetic aeid and 1.000 in th e presence of the reagent.
Effect of Alkali Elements on the Composition of Barium Titanyl Oxalate
Titanium forms complexes wiLh organic compounds such as oxalates, ciLrates, tartrates, etc., and this behavior is made use of to advantage in analyzing materials containing titanium. Ions such as potassium, sodium, ammonium, barium, etc., incn'ase the stability of these titanium complexes. For example, if aqueous solutions of titanium tetrachloride and oxalic acid are mixed and boiled , the titanium will precipitate, even though a large excess of oxalic acid is present. The precipitated titanium will not redissolve in excess of either organic or mineral acid. If the acidity of the solution is made about pH 5 to 6 by addilig sodium, potassium, or ammonium hydroxide, and the soluLion then heated, the titanium pl'Ccipitate will redissolv0. Once a solution of titanium is obtained b~r digesting with an alkali oxalate at pH 5 to 6, this solution can be boiled without the titanium precipitating, even jf the acidit~r is increased to a yalue more acid than pH 1.
Attempts were made to prepare barium titanyl oxalate by adding solu tions of barium chloride to hot solutions of alkali titanium oxalate, as wdl as by adding solutions of the alkali tit allium oxalate to hot solutions of barium chloride. In each instance the amounts takf'l1 were such that the mole ratios were 1 barium to 1 titanium to 2 oxalate. The barium Litanyl oxalates so prepared were then analyzed. The oxalate was determined by titraLing with 0.1 N potassium permanganaLe in a pcrchloric acid solution. The barium and the titanium were d etermined as described in section 3. If the difference is assumed to be water, the compound had the formula BaTiO (C20 4h 4H 20. Results of the analysis of the salts prepared by m eans of the sodium, the potassium, and the ammonium titanium oxalates are given in 
